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 METHODOLOGY Open Access
“To survey or to register” is that the
question for estimating population
incidence of injuries?
Dritan Bejko1* , Maria Ruiz-Castell1, Anna Schritz1, Bjarne Laursen2, Rupert Kisser3, Wim Rogmans4,
Ronan A. Lyons5,6, Huib Valkenberg7, Samantha Turner5, Robert Bauer8, Gabrielle Ellsaesser9 and
Nathalie de Rekeneire10
Abstract
Background: Measuring the true incidence of injury or medically attended injury is challenging. Population surveys,
despite problems with recall and selection bias, remain the only source of information for injury incidence
calculation in many countries. Emergency department (ED) registry based data provide an alternative source.
The aim of this study is to compare the yearly incidence of hospital treated Home and Leisure Injuries (HLI), and
Road Traffic Injuries (RTI) estimated by survey-based and register-based methods and combine information from
both sources in to a comprehensive injury burden pyramide.
Methods: Data from Luxemburg’s European Health Examination Survey (EHES-LUX), European Health Interview
Survey (EHIS) and ED surveillance system Injury Data Base (IDB) collected in 2013, were used. EHES-LUX data on
1529 residents 25–64 years old, were collected between February 2013–January 2015. EHIS data on 4004 other
residents aged 15+ years old, were collected between February and December 2014. Participants reported last
year’s injuries at home, leisure and traffic and treatment received. Two-sided exact binomial tests were used to
compare incidences from registry with the incidences of each survey by age group and prevention domain. Data
from surveys and register were combined to build an RTI and HLI burden pyramide for the 25–64 years old. This
project was part of the European Union project BRIDGE-Health (BRidging Information and Data Generation for
Evidence-based Health Policy and Research).
Results: Among 25–64 years old the incidence of hospital treated injuries per thousand population was 60.1 (95%
CI: 59.2–60.9) according to IDB, 62.1 (95% CI: 50.6–75.4) according to EHES-LUX and 53.2 (95% CI: 45.0–62.4)
according to EHIS. The incidence of hospital admissions was 3.7 (95% CI: 3.5–4.0) per thousand population from
IDB-Luxembourg, 12.4 (95% CI: 7.5–19.3) from EHES-LUX and 18.0 (95% CI: 13.3–23.8) from EHIS. For 15+ years-old
incidence of hospital treated HLI was 62.8 (95% CI: 62.1–63.5) per thousand population according to IDB whereas
the corresponding EHIS estimate was lower at 46.9 (95% CI: 40.4–54.0). About half of HLI and RTI of the 25–64 years
old were treated in hospital.
Conclusion: The overall incidence estimate of hospital treated injuries from both methods does not differ for the
25–64 years old. Surveys overestimate the number of hospital admissions, probably due to memory bias. For people
aged 15+ years, the survey estimate is lower than the register estimate for hospital treated HLI injuries, probably
due to selection and recall biases. ED based registry data is to be preferred as single source for estimating the
incidence of hospital treated injuries in all age groups.
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Background
Injury is the fourth leading cause of mortality in the gen-
eral population and the leading cause for children above
one year and adults to 44 years [1]. In order to estimate
burden of injuries, set-up priorities, target groups at higher
risk for prevention activities and evaluate the effects of
preventive actions, decision makers need information
about the incidence of both fatal and non-fatal injuries.
For injury mortality, death certificate data are com-
monly used, however, the method of collecting informa-
tion on non-fatal injuries varies from country to
country. Hospital treated injuries are best estimated
using Emergency Department’s Registry (EDR) based
data [2]. National Hospital Discharge Registries (HDR)
are also a valuable source of information [3, 4] especially
if EDR are not available from a representative sample of
hospitals. Although data on specific injuries, like road
traffic or work-related injuries, are collected from other
organisations outside the health sector, information on
the majority of out of hospital treated or untreated injur-
ies can only be collected through surveys. In some coun-
tries surveys remain the only source of information for
hospital treated injuries.
Understanding factors related to the method of data
collection is crucial in accurately estimating non-fatal in-
jury incidence and burden. Comparisons between sur-
veys and EDR data have previously been attempted. The
heterogenous approaches used pushed the authors to
conclude that the results from the two methods were
uncomparable [5]. One study compared a sample of
cases receiving treatment for injury in a limited number
of EDs, with a representative sample of the population
from a survey and reported lower injury incidence in the
survey [5, 6]. EDR injury data collection based only on
reference trauma centers has been shown to underesti-
mate incidence of road traffic or work-related injuries
compared to other sources of data [7, 8].
Taking advantage of the small size of Luxembourg, this
study provides a unique opportunity to compare national
estimates of non-fatal injury incidence using data collected
from all emergency departments of all hospitals in 1 year
with survey based data from two representative samples of
residents covering approximately the same period of time.
The aim of the present study was to compare the
population incidence of hospital treated home and leis-
ure and road traffic injuries in specific age groups esti-
mated by survey-based and register-based methods and
create an injury burden pyramid combining information
from both sources.
Methods
Cross-sectional population-based survey data from the
European Health Examination Survey (EHES-LUX) and
European Health Interview Survey (EHIS) in Luxembourg
and data from the Luxemburg IDB system were used. For
each survey a one stage random sample stratified by age
group, gender and district of residence was drawn from
the national health insurance register. People living in in-
stitutions such as nursing homes, hospitals or prisons
were excluded. Calculating a response rate of about 25%,
the number of selected individuals was 6475 residents 25–
64 years old for EHES-LUX and 16,000 residents ≥15 years
old for EHIS. An invitation together with an information
booklet on the survey, a response form and a pre-paid
envelope was sent by mail to selected individuals.
Non-responders were re-contacted after a period of 3
weeks. Individuals that accepted to participate in EHIS, re-
ceived an English, French, German or Portuguese ques-
tionnaire by mail or completed the web version of the
questionnaire [9]. Those who agreed to participate in
EHES-LUX were contacted to arrange an appointment in
one of the three survey sites situated in the north, center
or south of the country. After signing an informed con-
sent, a research nurse conducted the interview in one of
the four languages. The German, French and Portuguese
language questionnaires used for EHIS and EHES-LUX
were validated against the original English version through
a translation and back translation process. Both
EHES-LUX and EHIS methodology followed international
guidelines and protocols [10, 11].
Out of the selected 6475 individuals 5672 were eligible
and received the invitation to participate. 1902 accepted
to participate and 1529 participated in EHES-LUX. The
main reasons for non- participation were exclusion due
to age (> 64 years old), invalid or unresolved address and
negative or no reply. Data on the 1529 residents 25–64
years old, were collected between February 2013 and
January 2015 [12]. Participants were asked separate
questions about the previous 12 months injuries at
home, during leisure activities, at work, about Road
Traffic Injuries (RTI) while commuting to work and
non-work related RTIs. From respondents declaring one
or more injuries, information was collected on treatment
received for each injury with the following answer op-
tions: admitted and stayed overnight in hospital; admit-
ted but did not stay overnight in hospital; treated by a
doctor or nurse outside the hospital; and no consultation
or intervention was necessary.
For EHIS, 4823 out of the selected 16,000 individuals
accepted to participate, 4118 satisfied the inclusion cri-
teria, signed the informed consent and completed the
questionnaire. For 4004 questionaires the completition
rate was above 50% and there were no missing data on
age, sex and district of residence [9]. EHIS data on 4004
residents ≥15 years old, of whom 2794 aged 25–65 years
old, were collected between February and December
2014. Participants were asked in three separate questions
if they had experienced injuries at home, during leisure
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activities or from road traffic during the previous year
[11]. Only for the most severe injury the information on
received treatment was collected using the same answer
options as for EHES-LUX.
Age, sex and district of residence was used to check
for differences between responders and non-re-
sponders in both surveys. For EHES-LUX there was an
overrepresentation of females, individuals from the
east region of the country and individuals aged 45–54
years old among responders. For EHIS there was no
difference between responders and non responders ac-
cording to the disctrict of residence. However, an over-
representation of females and an underrepresentation
of individuals older than 85 years or younger than 25
years was found among responders. To make the re-
sponders representative of Luxembourg’s population in
terms of age, sex and area of residence, sampling
weights were calculated from the selection probabil-
ities, using Luxembourg census data in 2011 as a refer-
ence and were adjusted for non-response [13]. 140
individuals did not answer injury questions in EHIS.
Therefore, sensitivity analysis was performed by once
including all non-responders as if they experienced a
hospital treated injury and once including all
non-responders as if they were not injured during the
previous year. In EHES-LUX, as only one individual
did not answer questions about injuries, no sensitivity
analysis taking into account the non-response was
performed.
Registry data from the Luxembourg ED injury sur-
veillance system in 2013 was used for comparison. The
common European Injury Data Base (IDB) method-
ology is used by IDB-Luxembourg [14]. Injury cases
are selected based on the reason of visit registered by a
nurse at ED’s triage or if at least one International
Classification of Diseases (ICD-10) code of injury is
used by the medical doctor. In hospitals that were
using a paper and pencil system, files of all ED patients
were reviewed, injury cases were selected and coded by
a data entry clerk. Monitoring visits on randomly se-
lected weekdays and weekends were performed in all
EDs to check for completeness according to the
World’s Health Organization methodology [15]. Fi-
nally, narratives extracted together with injury data
were reviewed, to exclude non-cases and validate the
data. After a pilot phase launched in 2012, all nine EDs
regrouped in five hospitals in Luxembourg participated
in IDB-Luxembourg in 2013.
As per IDB-Network methodology a detailed set of in-
formation called the Full Data Set (FDS) is collected in
one hospital. All other hospitals collect less detailed in-
formation corresponding to the IDB- Minimum Data Set
(MDS). Only first visit for an injury was considered as a
case and non-residents were excluded from the
calculations. Both FDS and MDS include items, such as
intent (accident, self-harm or violence), activity (sport,
paid work), place of occurrence (home, school or road)
and mechanism (fall, burn, road traffic injury, etc.).
Combining information from different fields makes it
possible to classify injuries according to prevention do-
mains. Road Traffic Injuries are all injuries for which the
mechanism is a road traffic accident, including those
while commuting to work. The home and leisure injury
group includes all unintentional injuries excluding those
from road traffic, occupational exposures and occurring
in schools [16]. Given the definition of leisure time in-
juries in the surveys, injuries classified as due to sports
from IDB were also included in the home and leisure
category.
For comparative reasons with EHIS, work and
non-work related road traffic injuries from EHES-LUX
were regrouped into the RTI group. Only the most ser-
ious medical care intervention for the most serious in-
jury event was considered for incidence calculation in
EHES-LUX. Home and leisure time accidents were com-
bined into Home and Leisure injuries (HLI). Information
collected in the surveys aboutthe proportion of injury
cases receiving out of hospital treatment or not receiving
any medical treatment were used to build the injury pyr-
amide. The total number of injuries was calculated by
dividing the number of hospital treated HLI and RTI
from IDB with the proportion of hospital treated HLI
and RTI estimated by EHIS and EHES-LUX.
For IDB-Luxembourg, incidence was calculated by
dividing the number of cases registered in
IDB-Luxembourg for the specific age groups and pre-
vention domain by the total number of residents of
that age group, as recorded in the official statistics of
2013 [17]. For surveys, incidence was calculated by
dividing the number of participants reporting receiving
medical treatment in hospitals for a specific age-group
and prevention domain by the total number of partici-
pants of the same age-group. Non-responses to ques-
tions about the previous year’s injuries were excluded
from calculation. For the surveys and the registry, 95%
confidence intervals (95% CI) were calculated. The an-
nual incidence estimates from the IDB registry were
considered as true population data for 2013.
Two-sided exact binomial test was used to compare in-
cidences of IDB versus EHES-LUX, and IDB versus
EHIS. For surveys estimates, both weighted and un-
weighted data were presented but conclusions were
based only on the weighted estimates.
EHES-LUX and IDB-Luxembourg had received prior
ethical approval from Luxembourg’s National Ethic’s
Comitte, the Comite National d’Ethique de Recherche
(CNER). According to national regulation and
responding to the european obligation to collect EHIS
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data, the CNER was informed by Luxembourg’s Minis-
try of Health in charge of EHIS. All survey participants
signed a prior informed consent. Only anonymous
unlinkable data were included in IDB-Luxembourg and
in EHIS. Information about EHES-LUX, EHIS and
IDB-Luxembourg was sent to the Nationnal Data Pro-
tection Comittte prior to data collection. This work
comprised part of the methodological development
work on injury surveillance for the EU funded
BRIDGE-Health (BRidging Information and Data Gen-
eration for Evidence-based Health Policy and
Research) project.
Results
A total of 65,401 injury cases were registered in
IDB-Luxembourg in 2013. There were 18,347 residents
aged 25–64 years old that received medical care in one
of the hospitals of the country because of a HLI or
RTI. Among them 1142 (6.2%) were hospitalised
(Fig. 1). The total number of HLI and RTI among the
≥15 year old residents was 31,664 and among these
2935 (9.3%) were hospitalised.
Among 3864 EHIS participants aged 15+ years that
responded to the injury questions, 469 reported an in-
jury last year of whom 67 were admitted and stayed
overnight, 145 were treated in hospital’s ED as outpa-
tients, and 123 received medical care outside hospital.
Focusing on 25–64 years old the corresponding figures
were 315 injuries reported, 50 inpatients and 95 outpa-
tients from 2794 respondents. Finally, among 1528
EHES-LUX participants that responded to injury ques-
tions, 174 had at least one injury last year, 19 were
hospitalised and 73 were treated as outpatients.
The incidence of hospital treated road traffic injuries
among 25–64 years old was 8.0 per 1000 (‰) popula-
tion (95% CI: 7.7–8.3) according to IDB, 8.5‰ (95%
CI: 4.5–14.5) according to EHES-LUX and 8.6‰ (95%
CI: 5.5–12.9) according to EHIS (Table 1). Among 15+
Fig. 1 Flow chart with inclusion of injury cases for IDB Luxembourg, EHIS and EHES-LUX surveys
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years the corresponding figure were 8.3 ‰ (95% CI:
8.0–8.5) for IDB and 8.8 ‰ (95% CI: 6.1–12.3) accord-
ing to EHIS.
The incidence of hospital treated Home and Leisure
injuries among 25–64 years old was 52.1‰ (95% CI:
51.3–52.9) according to IDB, 53.6‰ (95% CI: 42.9–
66.1) according to EHES-LUX and 43.9‰ (95% CI:
36.4–52.3) according to EHIS (Table 1). Among 15+
years the corresponding figures were 62.8 ‰ (95% CI:
62.1–63.5) according to IDB and 46.9‰ (95% CI:
40.4–54.0) according to EHIS. There was no statisti-
cally significant difference between each survey and
IDB-Luxembourg in estimating the incidence of hos-
pital treated RTI or HLI among 25–64 years old.
The incidence of hospital admissions for RTI was 0.8‰
(95 %CI: 0.7–0.9) from IDB, 1.3‰ (95% CI; 0.2–4.7) from
EHES-LUX and 3.7‰ (95% CI; 1.8–6.9) from EHIS
(Fig. 2). The incidence of hospital admissions due to
Home and Leisure injuries was 2.9‰ (95% CI; 2.8–3.1)
from IDB, 11.1‰ (95% CI: 6.5–17.7) from EHES-LUX
and 13.9‰ (95% CI; 9.8–19.1) from EHIS (Table 2). The
incidence of hospital admisions for HLI was overestimated
by both surveys and EHIS overestimated also hospital
admisions for RTI (p < 0.001). It should be noted that for
the age-group 25–64 years old, EHIS overestimated the
incidence of hospital admissions, underestimated the
incidence of hospital outpatients but when it comes to
overall hospital treated injuries the difference between
Table 1 Incidence of injuries per 1000 population (‰) per age group and prevention domain according to the different methods
Injury Data Base
(IDB)-Luxembourg
15–24 25–34 35–44 45–54 55–64 25–64 CI 95% 65–74 75 + 15 + CI 95%
Road Traffic
Injuries (RTI) (n)
1029 903 702 564 270 2439 117 94 3679
Home and Leisure
injuries (HLI) (n)
5735 4778 4326 4048 2756 15,908 2056 4286 27,985
Population at risk 65,324 78,671 84,061 82,761 59,932 305,425 39,365 35,692 445,806
Incidence RTI (‰) 15.8 11.5 8.4 6.8 4.5 8 7.7–8.3 3.0 2.6 8.3 8.0–8.5
Incidence HLI (‰) 87.8 60.7 51.5 48.9 46 52.1 51.3–52.9 52.2 120.1 62.8 62.1–63.5
Incidence RTI
and HLI (‰)
103.5 72.2 59.8 55.7 50.5 60.1 59.2–60.9 55.2 122.7 71.0 70.2–71.8
European Health Examination Survey (EHES) IDB vs EHES
p-value
RTI (n) 4 5 2 2 13
HLI(n) 18 29 16 16 79
Population at risk 314 461 461 292 1528
Incidence RTI (‰) 12.7 10.8 4.3 6.8 8.5 4.5–14.5 0.77
Incidence HLI (‰) 57.3 62.9 34.7 54.8 51.7 41.1–64.0 1
HLI + RTI (‰) 70.1 73.8 39.0 61.6 60.2 48.8–73.3 0.96
Weighted
Incidence RTI (‰) 12.9 9.2 4.9 6.7 8.5 4.5–14.5 0.77
Incidence HLI (‰) 62.0 64.7 34.0 53.9 53.6 42.9–66.1 0.79
Incidence RTI and HLI (‰) 74.9 74.1 38.8 60.6 62.1 50.6–75.4 0.74
European Health Interview Survey (EHIS) IDB vs EHIS
p-value
IDB vs EHIS
p-value
RTI (n) 6 4 9 7 3 23 3 1 33
HLI (n) 35 27 35 25 33 120 11 8 174
RTI or HLI (n) 1 0 2 0 0 2 1 1 5
Population at risk 461 672 723 786 613 2794 383 226 3864
Incidence RTI (‰) 13.0 6 12.4 8.9 4.9 8.2 5.2–12.3 0.83 7.8 4.4 8.5 5.9–12.0 0.79
Incidence HLI (‰) 75.9 40.2 48.4 31.8 53.8 42.9 35.7–51.1 0.03 28.7 35.4 45.0 38.7–52.1 < 0.001
Incidence RTI and HLI (‰) 91.1 46.1 63.6 40.7 58.7 51.9 44.0–60.8 0.07 39.2 44.2 54.9 47.9–62.5 < 0.001
Weighted
Incidence RTI (‰) 12.2 5.8 14.5 8.3 4 8.6 5.5–12.9 0.70 7.7 4.3 8.8 6.1–12.3 0.68
Incidence HLI (‰) 72.9 42.2 50.2 31.9 53.8 43.9 36.4–52.3 0.054 33.4 39.0 46.9 40.4–54.0 < 0.001
Incidence RTI and HLI (‰) 88.5 48 67.4 40.3 57.8 53.2 45.0–62.4 0.13 43.7 47.6 57.2 50.1–65.0 < 0.001
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the EHIS estimate and IDB estimate was not statisti-
cally signficant (Fig. 2).
According to IDB data, the incidence of hospital
treated HLI injuries showed two peaks (Fig. 3), one
among the 15–24 years old with 87.8 (95% CI: 85.6–
90.0) per 1000 population and another among those 75+
years with 120.1 (95% CI: 116.7–123.5) per 1000. EHIS
estimated an incidence of HLI among 15–24 years old of
72.9 ‰ (95% CI: 53.1–97.3) that was not different from
IDB (p-value =0.09). For people aged 65 years or older
EHIS underestimated the incidence of hospital treated
HLI (35.5 vs 84.5; p-value < 0.001). The difference was more
accentuated among the 75+ years old with an estimate of
39.0 per 1000 population, which was about three folds
lower than the 120.1 per 1000 population IDB estimate
(p-value < 0.001). On the other hand there was no differ-
ence in estimating the incidence of RTI between EHIS and
IDB in any of the above mentioned age groups (Table 1).
For the age group 25–64 years old we can estimate
from the surveys that for HLI and RTI about 49.1% of
injured cases will receive a medical treatment in a hos-
pital, 28.4% will be treated outside the hospital and
22.4% will not be treated at all. This information was
combined with absolute numbers registerd in IDB.
Consequently 49.1% of all hospital treated RTI and HLI
in 2013 corresponded to 18,374 registered cases. The
total number of injuries was estimated to be 37,422. Fi-
nally, the share of inpatients and outpatients among hos-
pital treated injuries provided from IDB data completes
the information for an injury burden pyramid to be con-
structed for 2013 (Fig. 4). However, an injury burden
pyramid will not be valid for the other age groups given
that survey and register estimates are different.
For the sensitivity analysis of EHIS data (15+ years
old), including all non-responders (n = 140) as individ-
uals with hospital treated injury, the incidence of hos-
pital treated injuries was 90.4 (95% CI: 81.7–99.7) per
1000 population, which is higher compared to the IDB in-
cidence rate (90.4 vs. 71.0; p-value: < 0.001). On the other
extreme, when including all non-responders as individuals
without any injuries during the last year, the incidence of
hospital treated injuries was 55.2 (95% CI: 48.3–62.7) per
1000 population, which is lower compared to the IDB
indidence rate (55.2 vs. 71.0; p-value: < 0.001).
Discussion
For people aged between 25 and 64 years the overall in-
cidence estimate of hospital treated injuries from surveys
Fig. 2 Incidence (per 1000 population) of hospital treated injuries according to method of estimation and age-group
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and ED based registries was similar but the incidence of
hospital admissions was overestimated by both surveys.
EDR based data showed an increase in HLI incidence
from age 65 which was more emphasized from 75+
years. This increase was not observed in EHIS survey
data that underestimated the incidence of hospital
treated HLI for this age group. For all participants > 15
years old, the incidence of hospital treated HLI was
underestimated by the EHIS survey (46.9‰ population,
95% CI: 40.4–54.0) when compared to register based es-
timates (62.8 ‰; 95% CI: 62.1–63.5). As concluded in
other studies [18–20] with only about half of all injuries
treated in hospitals, the combination of both data sources
provided better estimates of injury incidence but was lim-
ited in scope to selected age groups and types of injury.
Overreporting of hospitalisations from survey is also
reported from other studies and is due to a specific
subgroup of memory bias called telescoping bias [21].
Events like being hospitalised for an injury are
brought forward in time by the responder although
they have happened more than a year ago. In a
Danish study data from National Health Interview
Survey, participants were linked at individual level
with Hospital EDR and HDR data [20]. For some
cases no EDR evidence of hospital treated injuries
among survey participants declaring they had an in-
jury was found. On the other hand EDR evidence of
injury among survey participants declaring they had
not sustained an injury was reported. Overall, due to
a combination of telescoping and recall bias no differ-
ence between surveys and ED based registries in esti-
mating hospital treated injury incidence and an
overestimation of hospital admissions by the survey
was found.
Many studies report about difficulties that elderly
people have to recall falls, especially for a 12 months
recall period although falls causing injuries are less
likely to be forgotten [22, 23]. It should be noted that
in 2013 about 80% of injuries registered in
IDB-Luxembourg among + 70 years old were due to
falls [1].
Selection bias is not excluded given that for people
older than 65 years the EHIS participants were not rep-
resentative of the reference population. As a matter of
fact, people from residential institutions, like nursing
homes, homes for elderly, were excluded from the
EHIS sampling frame. This would have a limited effect
for the age group 65–75 years old given that more than
Table 2 Incidence of injuries per 1000 population (‰), among the 25–64 years old, per prevention domain and treatment
according to the different methods
Injury Data Base
(IDB)-Luxembourg
European Health Examination
Survey (EHES)
European Health Interview
Survey (EHIS)
n Incidence ‰ (CI95%) ‰ n Incidence (CI95%) ‰ IDB vs EHES
p-value*
n Incidence ‰ (CI95%) ‰ IDB vs EHIS
p-value*
Hospital inpatients
Unweighted
Road Traffic Injuries (RTI) 242 0.8 0.7–0.9 2 1.3 0.2–4.7 0.34 9 3.2 1.5–6.1 < 0.001
Home and Leisure
Injuries (HLI)
900 2.9 2.8–3.1 17 11.1 6.5–17.8 < 0.001 40 14.3 10.2–19.4 < 0.001
RTI and HLI 1142 3.7 3.5–4.0 19 12.4 7.5–19.4 < 0.001 50 17.9 13.3–23.5 < 0.001
Weighted
RTI 1.3 0.2–4.7 0.34 3.7 1.8–6.9 < 0.001
HLI 11.1 6.5–17.7 < 0.001 13.9 9.8–19.1 < 0.001
RTI and HLI 12.4 7.5–19.3 < 0.001 18.0 13.3–23.8 < 0.001
Hospital outpatients
Unweighted
RTI 2191 7.2 6.9–7.5 11 7.2 3.6–12.8 0.88 14 5.0 2.7–8.4 0.21
HLI 14,976 49 48.0–50.0 62 40.6 31.2–51.7 0.14 80 28.6 22.8–35.5 < 0.001
RTI and HLI 17,167 56.3 55.4–57.0 73 47.8 37.6–59.7 0.16 95 34.0 27.6–41.4 < 0.001
Weighted
RTI 7.2 7.2 3.6–12.8 0.88 5.2 2.9–8.8 0.22
HLI 49 42.5 33.0–53.9 0.24 30.0 23.8–37.2 < 0.001
RTI and HLI 56.3 49.7 39.4–61.8 0.27 35.6 28.9–43.3 < 0.001
*Exact Binomial Test
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95% of people in this age-category live in their private
homes. However the proportion of people living in
homes for elderly increases with age from 10% for the
80 years old to 40% for the 90 years old [24]. Although
after weighting, responders were representative of Lux-
embourg’s population on sex, age, and district of resi-
dence, a participation rate of 25% for the surveys
might also be a source of selection bias. Underestima-
tion by surveys of injuries among 65+ years old has
been reported elsewhere as well [6]. By using question-
naires in different languages completed by research
nurses in a face-to-face interview, EHES-LUX could
accomodate disabled indindividuals. However, there
was one exclusion due to handicap. For EHIS, it is
likely that people with cognitive impairement or visual
problems were unable to complete the questionnaire.
On the other hand, IDB-Luxembourg in 2013 included
all ED of all hospitals avoiding thus a selection bias re-
ported in injury registries that collect data only in spe-
cialised trauma centers [7].
Sensitivity analyses for non-responders of injury
questions in EHIS (n = 140) were performed by com-
paring the extreme cases, i.e. that either all
non-responders experienced a hospital treated injury
during the previous year or that all non-responders did
not experience an injury. As the incidence rate of hos-
pital treated injuries is small, the number of
non-responders can influence the estimated incidence
rate of the survey data. When comparing the incidence
rates of the sensitivity analysis with the IDB rates, the
incidence rate of the survey was overestimated when
all non-responders were treated as injury cases.
Finally EHIS participants only had the possibility to
report one hospital treated injury per year whereas in
IDB all hospital treated injures of one particular per-
son were counted as separate injury cases. The an-
onymous unlinkabel nature of IDB-Luxembourg data
does not allow to see if one person has more than one
hospital treated injury per year. This might have an ef-
fect on underestimating incidence from the surveys. It
is reported that about 11% of nursing home residents
70+ years report more than one fall for the previous
year [25].
Although cross-sectional surveys provide informa-
tion on potential risk factors, there are inherent limita-
tions in survey data for obtaining a deeper insight in
determinants of injuries and their consequences. Most
surveys exclude institutionalised persons and children
or gather information from proxies, undermining reli-
ability of data collected. Depending on the recall
period, injury incidence will be underestimated due to
the recall bias. Lack of clarity of definitions used in
questionnaires might lead to measurment errors. Lim-
ited space for detailed questions will reduce the quality
of information on causes and circumstances of injuries
[26]. For this purpose, ED based injury surveillance
systems, which allow to collect detailed information in
a cost effective way on a large number of cases, are
indispensable.
Conclusions
In absence of ED based injury surveillance systems
covering a representative sample of hospitals, for
people aged 25–64 years old, surveys provide a valid
Fig. 3 Incidence (per 1000 population) of hospitals treated HLI and RTI according to IDB-Luxembourg, EHES and EHIS surveys
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estimate of hospital treated HLI and RTI but overestimate
the the number of hospital admissions. Incidence of hos-
pital treated HLI among people aged 65+ years and for all
the age group of 15+ years old will be underestimated by
surveys. With only about half of injuries receiving medical
care in hospitals, combining both methods gives a better
estimate of injury burden although it is limited to selected
age groups and types of injury.
Abbreviations
BRIDGE-Health: BRidging Information and Data Generation for Evidence-
based Health Policy and Research; CI: Confidence interval; ED: Emergency
department; EDR: Emergency Department’s Registries; EHES: European Health
Examination Survey; EHIS: European Health Interview Survey; FDS: Full Data
Set; HDR: Hospital Discharge Registries; HLI: Home and Leisure injuries;
IDB: Injury Data Base; MDS: Minimum Data Set; RTI: Road Traffic Injuries
Acknowledgements
The advice given by Prof. Stephen Senn, Head of Competence Center for
Methodology and Statistics at the Luxembourg Institute of Health (LIH) were very
helpful for statistical analysis. The authors thank Mrs. Jessica Barre, data manager
of EHIS-Lux at LIH for her contribution in doubel checking the EHIS results.
Funding
The three studies were funded by Luxembourg’s Directorate and Ministry of
Health and the Luxembourg Institute of Health.
Availability of data and materials
Three different national datasets were analysed during the current study, IDB,
EHES-LUX and EHIS. The IDB-Luxembourg dataset is available from the European
commission.
[https://ec.europa.eu/health/data_collection/databases/idb_en].
The EHES-LUX and EHIS data that support the findings of this study are
available, upon reasonable request, from the Principal Investigator of EHES-LUX
2013–2015, Dr. Maria Ruiz-Castell or Dr. Laetitia Huiart, Head of the Population
Health Department, at the Luxembourg Institute of Health. A permission from
Fig. 4 Injury pyramide for Home and Leisure injuries and road traffic accidents among 25–64 years old residents in Luxembourg in 2013
Bejko et al. Archives of Public Health           (2018) 76:76 Page 9 of 10
Luxembourg’s Ministry of Health should also be obtained for EHIS data. More
information on this procedure is on http://sante.public.lu/fr/statistiques/ehis/
ehis-methodologie/ehis-fact-sheet-methodology-mai-2017.pdf. Alternatively
EHIS data can be obtained from Eurostat following the procedure detailed in
http://ec.europa.eu/eurostat/web/microdata/european-health-interview-survey.
Authors’ contributions
All authors have made substantial contributions to the analysis and
interpretation of the data in this study. All have also been involved in
drafting the manuscript or revising it critically and all have given final
approval of the version to be published.
Ethics approval and consent to participate
EHES-LUX and IDB-Luxembourg had received prior ethical approval from
Luxembourg’s National Ethic’s Comitte, the Comite National d’Ethique de
Recherche (CNER). According to national regulation and responding to the
european obligation to collect EHIS data the CNER was informed by
Luxembourg’s Ministry of Health in charge of EHIS. All survey participants
signed a prior informed consent. Only anonymous unlinkable data were
included in IDB-Luxembourg and in EHIS. Information about EHES-LUX,
EHIS and IDB-Luxembourg was sent to the Nationnal Data Protection
Comittte prior to data collection.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1Luxembourg Institute of Health, Strassen, Luxembourg. 2National Institute of
Public Health, Copenhagen, Denmark. 3Eurosafe, Vienna, Austria. 4Eurosafe,
Amsterdam, The Netherlands. 5Farr Institute Swansea University, Medical
School, Swansea, UK. 6Public Health Wales NHS Trust, Swansea, UK.
7Consumer Safety Institute, Amsterdam, The Netherlands. 8Austrian Road
Safety Board, Vienna, Austria. 9Landesamt Brandenburg für Umwelt,
Gesundheit und Verbraucherschutz, Berlin, Germany. 10Directorate of Health,
Luxembourg, Luxembourg.
Received: 19 June 2018 Accepted: 7 November 2018
References
1. Krippler S, Bejko D. Traumatisme au Luxembourg: Analyse de la Situation
des données du système de surveillance hospitalier RETRACE en 2013 et du
registre des cause de décès. Luxembourg: Ministère de la Santé, Direction
de la santé; 2014.
2. Stone DH, Morrison A, Smith GS. Emergency department injury surveillance
systems: the best use of limited resources? Inj Prev. 1999;5(3):166–7.
3. Rigou A, Thélot B. Hospitalisations pour brûlures à partir des données du
Programme de médicalisation des systèmes d’information, France
métropolitaine, 2009. InVS: Synthèse Saint-Maurice; 2011.
4. Pasquereau A, Thélot B. Hospitalisations pour brûlures à partir des données
du Programme de médicalisation des systèmes d’information, France
métropolitaine 2011 et évolution depuis 2008. Saint-Maurice: Institut de
veille sanitaire; 2014. p. 8.
5. Bardehle D, Fuhr A, Monárrez-Espino J, Heyer CM, Rössler G. Home and
leisure accidents in Europe: survey and hospital data. Inj Control Saf Promot.
2001;8(4):251–68.
6. Petridou E, Dessypris N, Frangakis CE, Belechri M, Mavrou A, Trichopoulos D.
Estimating the population burden of injuries: a comparison of household
surveys and emergency department surveillance. Epidemiology. 2004;15(4):
428–32.
7. Mitchell R, Williamson A, Curtis K. What is the potential of trauma registry
data to be used for road traffic injury surveillance and informing road safety
policy? J Saf Res. 2011;42(5):345–50.
8. Layde PM, Stueland DT, Nordstrom DL. Representativeness of trauma center
registries for farm injury surveillance. Accid Anal Prev. 1996;28(5):581–6.
9. Thomas AC, Barre J. European Health Interview Survey (EHIS): Méthodologie
de l’étude. (Fact sheet). FNR - NA. Luxembourg: Ministère de la Santé –
Direction de la Santé , Luxembourg Institute of Health; 2017. p. 20170515.
10. Tolonen H, Koponen P, Mindell J, Männistö S, Kuulasmaa K. European
Health Examination Survey—towards a sustainable monitoring system. The
European Journal of Public Health. 2013;24(2):338-44.
11. European Commission. European Health Interview Survey (EHIS wave 2) -
Methodological manual. Luxembourg: Publications Office of the European
Union; 2013.
12. Ruiz-Castell M, Kandala N-B, Kuemmerle A, Schritz A, Barré J, Delagardelle C,
et al. Hypertension burden in Luxembourg: individual risk factors and
geographic variations, 2013 to 2015 European health examination survey.
Medicine. 2016;95(36):e4758.
13. Bocquet V, Barré J, Couffignal S, d’Incau M, Delagardelle C, Michel G, et al.
Study design and characteristics of the Luxembourg European health
examination survey (EHES-LUX). BMC Public Health. 2018;18(1):1169.
14. Rogmans W. Joint action on monitoring injuries in Europe (JAMIE). Arch
Public Health. 2012;70(1):19.
15. Holder Y, Peden M, Krug E, Lund J, Gururaj G, Kobusingye O. Injury
surveillance guidelines. Geneva: World Health Organization; 2002.
16. Eurosafe. IDB-JAMIE Manual. Amsterdam2013.
17. STATEC. Population par âge et sexe au 1er janvier 2013-2014 Luxembourg:
STATEC; [Available from: http://www.statistiques.public.lu/stat/TableViewer/
tableView.aspx?ReportId=12854&IF_Language=fra&MainTheme=
2&FldrName=1.
18. Mulder S. Recording of home and leisure accidents: differences between
population surveys and a&E department surveillance systems. Int J Consum
Prod Saf. 1997;4(4):165–78.
19. Bejko D, Kisser R, Lyons RA, Harel-Fisch Y, Larsen B, Rogmans W, et al.
222 combining survey and register based data to estimate burden of
injuries among adolescents. Inj Prev. 2016;22(Suppl 2):A81.
20. Larsen B, Valkenberg H, Lyons RA, Turner S, Rogmans W, Kisser R, et al.
224 Hospital registrations and health survey data – do they agree? Inj Prev.
2016;22(Suppl 2):A82.
21. Bradburn NM, Huttenlocher J, Hedges L. Telescoping and temporal
memory. In: Autobiographical memory and the validity of retrospective
reports. New York: Springer; 1994. p. 203–15.
22. Peel N. Validating recall of falls by older people. Accid Anal Prev. 2000;32(3):
371–2.
23. Mackenzie L, Byles J, D'este C. Validation of self-reported fall events in
intervention studies. Clin Rehabil. 2006;20(4):331–9.
24. Ferring D, Heinz A, Peltier F, Thill G. Les personnes âgées [The elderly
people]. STATEC: Recensement de la Population 2011, Premiers résultats;
2013. p. 29.
25. Dolinis J, Harrison JE, Andrews GR. Factors associated with falling in older
Adelaide residents. Aust N Z J Public Health. 1997;21(5):462–8.
26. Sethi D, Habibula S, McGee KS, Peden M, Bennett S, Hyder AA, et al. Guidelines
for conducting community surveys on injuries and violence. 2004.
Bejko et al. Archives of Public Health           (2018) 76:76 Page 10 of 10
